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I .  In t roduct ion  

The purpose of t h i s  p r o j e c t  is t o  design and e v a l u a t e  speech processors  

f o r  aud i to ry  prostheses .  I d e a l l y ,  t h e  processors  w i l l  e x t r a c t  (or  preserve)  

from speech those  parameters t h a t  a r e  e s s e n t i a l  f o r  i n t e l l i g i b i l i t y  and then 

a p p r o p r i a t e l y  enco'de these  parameters f o r  e l e c t r i c a l  s t i m u l a t i o n  of t h e  

aud i to ry  nerve.  'Work i n  t h e  present  q u a r t e r  included t h e  following: 

1. Eva lua t ion  of m u l t i p l e  processors  i n  s i n g l e  tests of consonant and 

vowel  r e c o g n i t i o n ,  where t h e  p r e s e n t a t i o n s  of bo th  t o k e n s  and 

processors  were randomized; 

2. Eva lua t ion  of i d e a l i z e d  ve r s ions  of the processing s t r a t e g y  used i n  

Melbourne/Nucleus device ;  

3. Eva lua t ion  of s e l e c t e d  processing strategies with t h e  vowel- and 

consonan t -confus ion  tests d e v e l o p e d  by t h e  i m p l a n t  team a t  t h e  

Univers i ty  of Iowa; 

4 .  Development  and  t e s t i n g  of new computer  programs to s u p p o r t  and  

extend s t u d i e s  of processor  performance: 

5 .  I n i t i a l  d e v e l o p m e n t  of a p o r t a b l e ,  real-t ime p r o c e s s o r  f o r  

implementing va r ious  mult ichannel  coding strategies, inc luding  t h e  

" i n t e r l e a v e d - p u l s e s "  s t ra teg ies  descr ibed i n  our l a s t  q u a r t e r l y  

progress  r e p o r t ;  

6. Pre l iminary  a n a l y s i s  of f i e l d  p a t t e r n  data obtained by recording 

induced  a r t i f a c t  p o t e n t i a l s  a t  n o n - s t i m u l a t e d  e l e c t r o d e s  i n  a 

p a t i e n t  f i t t e d  wi th  a percutaneous cable; and 

7 .  Presenta t ion  of p r o j e c t  results i n  i n v i t e d  l e c t u r e s  a t  t h e  Kresge 

H e a r i n g  Resea rch  I n s t i t u t e  i n  Ann Arbor  and a t  t h e  Conference  on 

Speech R e c w i t i o n  w i t h  Cochlear I m p l a n t s  i n  N e w  York. 
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In t h i s  r e p o r t  we w i l l  d e s c r i b e  our work on t h e  d e v e l o p m e n t  of 

realtime, portable  speech processors and w i l l  present  i n i t i a l  f i e l d  pattern 

r e s u l t s  with the percutaneous c a b l e  measurements. Deta i l ed  descr ip t ion  of 

t h e  s t u d i e s  of speech recogni t ion i s  deferred f o r  now, but w i l l  be presented 

i n  a future report. 

, 
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11. I n i t i a l  Development of Real-Time, Por tab le  Processors 

The primary o b j e c t i v e  of our  real-time speech processor  development is 

t o  p r o v i d e  connec ted-speech  p r e s e n t a t i o n s  u s i n g  t h e  b e s t  p r o c e s s i n g  

strategies as i d e n t i f i e d  by experiments with t h e  block-diagram compiler  (see 

QPR 2 ,  N I H  p r o j e c t  N01-NS-5-2396). Of p a r t i c u l a r  in te res t  is r e a l - t i n e  

implementation of t h e  s i x  channel ,  i n t e r l eaved-pu l ses  processor  wi th  round- 

r o b i n  u p d a t e s  o f  a l l  s i x  c h a n n e l s .  T h i s  p r o c e s s o r  i s  n o t  o n l y  t h e  b e s t  

i d e n t i f i e d  p r o c e s s o r  t o  d a t e  f o r  p a t i e n t  MH b u t  is a l s o  one of t h e  more 

c o m p u t a t i o n a l  l y  demanding d e s i g n s .  T h e r e f o r e ,  a f l e x i b l e  hardware 

implementation of t h i s  processing s t r a t e g y  w i l l  provide t h e  b a s i s  f o r  real- 

time implementation and t e s t i n g  of most of t he  o the r  processing strategies 

p r e v i o u s l y  implemented with t h e  block-diagram compiler. 

. -  

' 

This  hardware development is being pursued i n  t h r e e  phases. Phase I is 

t h e  development of a real-time, bench-level processor  t h a t  w i l l  a t  minimum 

f u l l y  implement a l l  of t h e  f e a t u r e s  of processors  s imula ted  with t h e  block- 

diagram compiler.  This  bench-level  processor  is intended as both a f l e x i b l e  

research  t o o l  and as a prototype design f o r  later wearable processors.  The 

phase I bench-level  processor  i n t e r f a c e s  t o  t h e  p a t i e n t  through our e x i s t i n g  

l a b o r a t o r y  s t i m u l a t i o n  equipment  ( T e c h .  P r o p o s a l  B, R T I ,  N I H  RPP No. NIH- 
NINCDS-85-09). In  t h i s  case ,  t h e  microprocessor genera tes  a p a r a l l e l  16-bit  

d a t a  stream which mimics t h e  output  of t he  block-diagram compiler  system. * 

Phase  I1 i s  a w e a r a b l e ,  hardware  CHMOS i m p l e m e n t a t i o n  of t h e  f l e x i b l e  

processor  system designed i n  Phase I. This wearable processor  w i l l  a l l o w  

s h o r t - t e r m  e v a l u a t i o n s  of p r o m i s i n g  p r o c e s s o r  s t r a t eg ie s  by p a t i e n t s  i n  
environments ou t s ide  of t h e  laboratory.  The phys ica l  package of t h e  Phase 

I1 processor  w i l l  be larger than f i n a l ,  permanent wearable  processors  due t o  

t h e  e x t r a  f l e x i b i l i t y  t h a t  is b e i n g  i n c o r p o r a t e d  i n t o  t h i s  system. The 

Phase . I 1  wearable  processor  i n t e r f a c e s  t o  t h e  p a t i e n t  v i a  m u l t i p l y i n g  DAC's 

and vo l t age /cu r ren t  d r i v e r s  which are memory-mapped on t h e  mic rocon t ro l l e r  

address  bus. Phase I11 is t h e  f i n a l  development of t h e  wearable processor 

t h a t  t h e  p a t i e n t  w i l l  u s e  p e r m a n e n t l y .  T h i s  d e s i g n  w i l l  be  a h i g h l y  

o p t i m i z e d  i m p l e m e n t a t i o n  of t h e  b e s t  s t r a t e g y  i d e n t i f i e d  u s i n g  t h e  

p r e v i o u s l y  descr ibed processors.  S i n c e  many of  t h e  e n g i n e e r i n g  d e c i s i o n s  

a r e  d i c t a t e d  b o t h  by t h e  i n f o r m a t i o n  p r o c e s s i n g  r e q u i r e m e n t s  of  t h e  

processor  design (processor c y c l e  time, number of channels ,  number of b i t s )  

and by t h e  c o n s t r a i n t s  of ach iev ing  a f i n a l  wearable dev ice  (ch ip  packaging, 
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power r e q u i r e m e n t s ) ,  a1 1 t h r e e  deve lopmen t  phases  a re  b e i n g  p l anned  

s i m u l t a n e o u s l y .  A c t u a l  c o n s t r u c t i o n  of each  phase  of  

development w i  11 occur s e q u e n t i a l  l y ,  beginning with t h e  Phase I bench-level ,  

real-time system. Experience gained from t h e  actual use  of each hardware 

d e s i g n ,  c o u p l e d  w i t h  r e v i e w s  of  t h e  s p e e c h  encod ing  per formance  of  each  

d e s i g n ,  w i l l  g u i d e  f i n a l  p l a n s  f o r  subsequen t  p r o c e s s o r  d e v e l o p r e n t ,  

u 1 t i m a t e l y  progressing t o  a f i n a l  wearable processor.  

As d e s c r i b e d  p r e v i o u s l y  (QPR 2 ,  N I H  p r o j e c t  N O l - N S - 5 - 2 3 9 6 ) ,  t h e  

i n t e r l e a v e d - p u l s e s  p r o c e s s o r s  p r o v i d e  t h e  b e s t  per formance  t o  d a t e  i n  
confusion matrix tests. In  t h e s e  processors  input  -_.- speech __ - s i g n a l s  are f i r s t  

high-pass f i l t e r e d  t o  f l a t t e n  t h e  speech spectrum and diminish t h e  otherwise 

overwhelming i n f l u e n c e  of t h e  f i r s t  formant ( F l ) .  The output  of t h e  high- 

p a s s  f i l t e r  is t h e n  f e d  t o  a bank of bandpass  f i l t e r s  whose c e n t e r  

f requencies  span t h e  combined range of F1 and P2,  a l o n g  a logar i thmic  scale. 
The RMS e n e r g y  i n  e a c h  band i s  s e n s e d  by a f u l l - w a v e  r e c t i f i e r  and a low- 

pass f i l t e r  c o n n e c t e d  i n  ser ies  t o  e a c h  bandpass  f i l t e r  o u t p u t .  Next, a 

"post-processor" is programmed t o  scan t h e  RMS " _  outputs  each time a pu l se  is 

t o  be d e l i v e r e d  t o  t h e  e l e c t r o d e  a r ray .  The -_ output  _- of a f i l t e r  bank channel 

i s  d e l i v e r e d  t o  i t s  a s s i g n e d  e-l-e-ctrockfs) g n l v  if ( a )  i t  i s  one of t h e  - ~~ N 
c h a n n e l s  - -  w i t h  t h e  g rea tes t  RMS e n e r g y  f o r  t h e  p r e s e n t  time f rame anp (b) 
t h e  RMS e n e r g y  i s  a b o v e  a p r e s e t  " n o i s e  t h r e s h o l d "  (where N is  t h e  t o t a l  

- -- 

~ - -  

y- 

number of c h a n n e l s  t o  be upda ted  a t  any  one time and may v a r y  from 1 t o  8 ) .  

F i n a l l y ,  t h e  a m p l i t u d e s f  t h e  pu l se ( s )  --- d e l i v e r e d  t o  t h e  s e l e c t e d  channel(s) 

i n  t h e  e l e c t r o d e  a r r a y  are de r ived  with a logar i thmic  mapping l a w  f o r  each 

than-1 . 
-1- 

F i g u r e  1 shows a b l o c k  d iagram o f  t h i s  b a s i c  a r c h i t e c t u r e  f o r  

implementation i n  Phase I and Phase I1 real-time processor  development. The 

processor  is d i v i d e d  i n t o  f o u r  subsec t ions  inc lud ing  a s i g n a l  condi t ioner ,  a 
f i l t e r  bank ,  a p o s t - p r o c e s s o r  and c h a n n e l  d r i v e r s .  Ea.ch s u b s e c t i o n  is 

d iscussed  b e l  ow. 

The s i g n a l  c o n d i t i o n e r  p r o v i d e s  a l l  f i l t e r i n g  and g a i n  c o n t r o l  

necessary t o  map microphone s i g n a l s  i n t o  t h e  f i l t e r  bank. The single pole  

high-pass f i l t e r  reduces t h e  f i r s t  formant cont r ibu t ion .  The v a r i a b l e  ga in  

s tage is t h e  fo rward  p a t h  c o n t r o l l i n g  e l e m e n t  in an  AGC l o o p  and i s  

c o n t r o l l e d  by t h e  post-processor.  T h i s  ga in  s t age  i s  incorporated i n  t h e  

f i l t e r  bank as descr ibed below. 

6 
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Filter bank extractions with R M S  outputs are achieved with a single 
uPD7763D NEC speech analysis chip for speech recognition systems (Pig. 2a). 
The uPD7763D incorporates a programmable pre-amp with optional equalizer, a 

16-channel switched-capacitor band-pass filter bank (Fig. 2b), a multiplexed 
rectifier with switch-capacitor low-pass filters and S/H outputs (Fig. 2c), 
and an 8-bit A/D converter in a single LSI MOS 28-pin package. The uPD7763D 
has a general purpose microprocessor interface which provides access to a 
FIFO buffer containing digitized RMS outputs of band energies. Pre-amp gain 
(-13.5 dB to +33.0 dB), equalizer ON/OFF, analyzed frame period (1-32 msec) 

and low-pass filter cut-off frequency (12.5 Hz - 400 Hz) are controlled via 
the microprocessor interface. Analysis proceeds on a frame-by-frame basis 
with RMS levels for each bandpass during the previous frame being available 
in a FIFO buffer. A frame period signal is available as an external 
interrupt signal to the post-processor, which may then read the memory- 
mapped FIFO buffer. The uPD7763D typically consumes 175 mWatts of power 
(35Q mWatts maximum). 

The post-processor is an Intel 8031 8-bit microcontroller. This device 
features two 16-bit programmable timers with interrupt capability along with 
two external interrupt lines. The 8031 has 128 bytes of onboard R A M  and can 
address 64k bytes of external program memory and 64k bytes of external data 
memory. Thirty-two programmable 1/0 1 ines and an asychronous serial port 

are available. A hardware multiplication and Boolean processing capability 
are also featured. This processor is available in CHMOS technology as the 
80C31. The 80C31 additionally features two software selectable power 
down/idle modes for minimization of power consumption. In the powerdown 
mode the processor clock is turned off, where as in the idle mode the 
interrupt. asynchronous serial input and onboard timer operations continue 
to function. At 12 M H z  clock operation (1 usec instruction period, typ), 
the 80C31 consumes 80 law of power at full operation and 22.5 mW of power 

when idled. Memory for the Phase I1 and Phase I11 designs shall be either 
EPROM or EEPROM. 

_- .. 

The Phase I and Phase I1 processor configurations use SIBEC development 
boards from Binary Technology, Meriden, NH. These single-board computers 
feature a fully supported 8031 or 80C31 microcontroller with conditioned I/O 
port and addresddata busses available at connectors. The SIBEC board also 
supports a simple software monitor that facilitates downloading, execution 
and debugging of microcode for the 8031 microcontroller. Communication with 
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(a) Block diagram of uPD7763D NEC speech analysis chip. - 
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(b) Switched-capacitor filter bank 
with multiplexed output. 
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(c) Multiplexed BIS extractor featuring 
rectifier, low-pass filters and 
multiplexed S/H buffered outputs. 

Fipure 2. 
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7 c , .  t h e  mon i to r  i s  v i a  t h e  s e r i a l  i n t e r f a c e  u s i n g  a n  IBM-EC. Microcode is ?- 

d e v e l o p e d  on t h e  PC w i t h  a c r o s s - a s s e m b l e r  (Avocet  Sys tems,  Inc . ,  Dover ,  

Delaware). 

I n  

r '  

\ J , I  P o s t - p r o c e s s o r  f u n c t i o n s  f o r  t h e  s i x - c h a n n e l ,  i n t e r l e a v e d - p u l s e  \ ; b  I 

' " i, c '  processors  include:  (1) reading t h e  f i l t e r  bank FIFO f o r  16-bands of RMS 

l e v e l s :  (2) condensing t h e s e  s i x t e e n  bands down t o  t h e  requi red  six bands 

f o r  t h e  six-channel processor:  (3) determining t h e  temporal and ampli tude 

s t imu lus  f e a t u r e s  f o r  each channel from p rev ious ly  def ined  lookup t a b l e s ;  

and, (4) s e r v i c i n g  t h e  AGC c o n t r o l  loop. F i l t e r  bank FIFO reading and t h e  

d e r i v a t i o n  of t h e  RMS l e v e l s  f o r  each of t h e  s ix  channels  is handled with 

one e x t e r n a l  i n t e r r u p t  t a s k ,  synchronized t o  t h e  completion of t h e  f i l t e r  

bank a n a l y s i s  f rame p e r i o d .  Round-robin u p d a t e s  f o r  e a c h  c h a n n e l  are  

h a n d l e d  w i t h  a s e p a r a t e  10 kHz t i m e r - d r i v e n  i n t e r r u p t  s u b r o u t i n e  which 

performs t h e  necessary t a b l e  lookups and passes  t h e  v a l u e s  t o  output  d r i v e r  

stages. Table  lookups are based on logari thmic loudness mapping func t ions  

r e l a t i n g  t h e  RMS bandpass s i g n a l  l e v e l  t o  output  s t imu lus  magnitude. To 

o b t a i n  t h e  a c t u a l  Bapped o u t p u t  p u l s e  t r a i n ,  two sets of  t a b l e s  a r e  used.  

One t a b l e  c o n t a i n s  a n o r m a l i z e d  round-robin  p u l s e  (h igh -pass  f i 1 t e r e d )  

s equence  f o r  s i x  c h a n n e l s  of s t i m u l a t i o n  l a s t i n g  f o r  one f i l t e r  bank 

a n a l y s i s  period. The o the r  t a b l e  conta ins  t h e  logar i thmic  mapping func t ion  

f o r  each channel.  M u l t i p l i c a t i o n  of t h e  normalized p u l s e  sequences by the  

a m p l i t u d e  f a c t o r  f rom t h e  l o u d n e s s  mapping f u n c t i o n  i s  per formed by t h e  

d r i v e r  stages. One round-robin output  sequence (10 kHz update r a t e )  ac ross  

s i x  s t imu lus  channels  is made f o r  each a n a l y s i s  frame per iod  (2  msec) of t h e  

NEC uPD7763D chip. 

Dr ive r  stage conf igura t ion  d i f f e r s  f o r  each phase of development of t h e  

real-time processors.  The Phase I system, t o  be used as an extension of t h e  

block-diagram compiler  i n  t h e  l abora to ry ,  i n t e r f a c e s  t o  our  e x i s t i n g  p a t i e n t  

s t i m u l a t i o n  equipment  v i a  a d i g i t a l  l i n k .  The w e a r a b l e  Phase  I1 s y s t e m ,  

seeking th6  same processor  f l e x i b i l i t y  as Phase I, u s e s  two cascaded CMOS 

m u l t i p l y i n g  DAC's wi th  l a t c h e d  b u f f e r s .  Four q u a d r a n t  m u l t i p l i c a t i o n  is 

used.  DAC o u t p u t s  a re  t h e n  d i r e c t e d  t o  e i t h e r  a c u r r e n t / v o l t a g e  d r i v e r  

s t a g e  f o r  percutaneous c a b l e  p a t i e n t s  or t o  t h e  RF d r i v e r s  f o r  p a t i e n t s  with 

t h e  t r a n s c u t a n e o u s  i n t e r f a c e .  The d r i v e r  c o n f i g u r a t i o n  f o r  t h e  f i n a l ,  

wearable Phase I11 processor  is undefined u n t i l  f u r t h e r  experience is gained 

with t h e  Phase I and I1 systems. 

, 
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The d e c i s i o n  t o  s t r u c t u r e  t h e  Phase I and Phase I1 p r o c e s s o r s  as  

d e s c r i b e d  p r o v i d e s  maximal f l e x i b i l i t y  and speed  i n  p o s t - p r o c e s s o r  

e x e c u t i o n .  A f u r t h e r  a d d i t i o n  under  c o n s i d e r a t i o n  i n c l u d e s  of a second 

80C31 m i c r o c o n t r o l l e r  t o  t h e  sys tem f o r  real-t ime e x t r a c t i o n  o f  FO and 

v o i c e / u n v o i c e d  b o u n d a r i e s  using t h e  Average-Magnitude-Difference-Function 

(AMDF) a lgor i thm as descr ibed i n  QPR 6 ,  NIH pro jec t  N01-NS-2356. This  would 

a 1  low i m p l e m e n t a t i o n  of  i n t e r l e a v e d - p u l s e s  processors  t h a t  have e x p l i c i t  

r ep resen ta t ion  of voic ing  information. Block-diagram compiler test  results 
f o r  processors  with e x p l i c i t  vo ic ing  r ep resen ta t ion  are descr ibed i n  QPR 2,  

N I H  p r o j e c t  N01-NS-5-2396. We a r e  a l s o  i n v e s t i g a t i n g  t h e  f e a s i b i l i t y  of 

d i r e c t l y  sampling t h e  multiplexed-bandpass output  of t h e  NEC f i l t e r  chip. 

This would allow t h e  same hardware t o  s imula t e  both t h e  present  UCSP/Storz 

a n a l o g  p r o c e s s o r  and t h e  i n t e r l e a v e d - p u l s e s  s t ra teg ies  f o r  more d i r e c t  

comparison of t h e  two approaches. 

P r e s e n t l y ,  t h e  Phase  I b e n c h - l e v e l  p r o c e s s o r  is n e a r i n g  comple t ion .  

The NEC f i l t e r  bank h a s  been i n t e r f a c e d  t o  t h e  8031 m i c r o c o n t r o l l e r  and 

debugged. The i n t e r f a c e  t o  t h e  l abora to ry  d r i v e r  stages is p r e s e n t l y  being 

t e s t e d .  We are  now w r i t i n g  t h e  s o f t w a r e  f o r  imp lemen t ing  a s i x - c h a n n e l ,  

i n t e r l eaved-pu l ses  processor  f o r  real-time t e s t i n g  wi th  p a t i e n t  MH i n  t he  

l a b o r a t o r y .  A f t e r  a n  i n i t i a l  e v a l u a t i o n  of t h i s  p r o c e s s o r ,  Phase I1 

c o n s t r u c t i o n  of a CMOS v e r s i o n  of t h e  same p r o c e s s o r  w i l l  beg in .  I f  a l l  

goes well  w e  hope t o  have a ve ry  f l e x i b l e ,  programmable, take-home processor 

f o r  p a t i e n t  MH with in  a month. 

, 
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111. Analysis of In t racochlear  F ie ld  Pa t t e rns  as 

Measured v i a  a Percutaneous Cable 

We assume t h a t  t h e  deve lopmen t  of improved a u d i t o r y  p r o s t h e s e s  is 

l a r g e l y  l i m i t e d  by our i n a b i l i t y  t o  exert c o n t r o l  o v e r  t h e  f i r i n g  p a t t e r n s  

of a u d i t o r y  n e r v e  f i b e r s .  Toward understanding t h e  complex r e l a t i o n s h i p s  

t h a t  g o v e r n  and l i m i t  o u r  a b i l i t y  t o  a c h i e v e  d e s i r e d  f i r i n g  p a t t e r n s ,  w e  
wish t o  know t h e  p o t e n t i a l  d i s t r i b u t i o n s  t h a t  exis t  wi th in  t h e  s t imu la t ed  

cochlea ,  p r e f e r a b l y  t h e  human cochlea.  Two approaches are being pursued to  

provide  such knowledge. 

F i r s t l y ,  a s imple  f i n i t e  d i f f e rence  model of t h e  f i e l d  p a t t e r n s  around 

t h e  UCSF/Storz e l e c t r o d e  a r r a y  h a s  been d e v e l o p e d .  T h i s  model p r o v i d e s  

estimates of s t i m u l a t i o n  f i e l d s  t h a t  are seemingly v e r y  l i m i t e d  i n  scope. 

In  p a r t i c u l a r ,  a two-dimensional geometry is  assumed as an  approximation f o r  

a complex t h r e e - d i m e n s i o n a l  s t r u c t u r e .  A l s o ,  t i s s u e  c h a r a c t e r i s t i c s  are 

i g n o r e d  by assuming a homogenous medium. N e v e r t h e l e s s ,  t h i s  model h a s  

s e r v e d  w e l l  a s  a h e u r i s t i c  t o o l  by p r o v i d i n g  i n s i g h t  i n t o  t h e  r e l a t i v e  

s e n s i t i v i t y  t o  and s i g n i f i c a n c e  of var ious  f e a t u r e s  of t h e  system. Figures 

3 t h r o u g h  6 r e v i e w  t h i s  model and show d a t a  p r e d i c t e d  by t h e  model f o r  a 

v e r y  s i m p l e  s t i m u l u s .  This work h a s  been p r e s e n t e d  p r e v i o u s l y  i n  more 

d e t a i l  (QPR 5, NIH p r o j e c t  N01-NS-2356). I t  is reviewed he re  t o  f a c i l i t a t e  

i n t e r p r e t a t i o n  of t he  measured f i e l d  p a t t e r n s  discussed below. 

Secondly, w e  have attempted t o  d i r e c t l y  measure i n t r a c o c h l e a r p o t e n t i a l  s 

i n  a p a t i e n t  (SG)  who had a d i r e c t  p e r c u t a n e o u s  c a b l e  c o n n e c t i o n  t o  h e r  

i n t r a c o c h l e a r  e l e c t r o d e s .  The procedure c o n s i s t s  of app ly ing  a continuous 

s i n u s o i d a l  s t i a u l u s  t o  one monopolar e l e c t r o d e  or t o  a b i p o l a r  pa i r .  Then 

w e  record the a r t i f a c t  p o t e n t i a l  appearing on t h e  remaining non-stimulated 

e l e c t r o d e s  i n  t h e  a r r a y .  I n  t h i s  manner,  w e  s e e k  t o  s p a t i a l l y  s a m p l e  t h e  

electrical  f i e l d  generated by t h e  s t imu la t ed  e l ec t rodes .  F igures  7 through 

11 desc r ibe  t h e  recording procedure, a n a l y s i s  method and i n i t i a l  results. 
The r e s u l t s  p r e s e n t e d  h e r e  r e p r e s e n t  an  i n i t i a l  e f f o r t  t o  a n a l y z e  

i n t r a c o c h l e a r  p o t e n t i a l  d a t a  c o l l e c t e d  Prom a p a t i e n t  wi th  a percutaneous 

cab le .  The model r e s u l t s  are included as a comparision of t h e  two methods 

and because t h e  model s e r v e s  a u s e f u l  func t ion  i n  i n t e r p r e t i n g  t h e  recorded 

p o t e n t i a l s .  

, 
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Model P red ic t  ions 

F i g u r e  3 shows t h e  p o s i t i o n  of e a c h  o f  t h e  s i x t e e n  e l e c t r o d e s  of t h e  

UCSF/Storz e l e c t r o d e  a r r a y  when viewed from above t h e  p l ane  of t h e  e l e c t r o d e  

a r r a y  s p i r a l .  E l e c t r o d e  p o s i t i o n s  a r e  d e t e r m i n e d  b o t h  by t h e  e l e c t r o d e  

p l a c e m e n t  i n  t h e  s i l a s t i c  car r ie r  and  by t h e  s p i r a l  c o n f i g u r a t i o n  of t h e  

a r r a y  i t s e l f ,  t h e  l a t t e r  o f  which i s  f i x e d  by  t h e  a s s e m b l y ' s  mechan ica l  

memory. Each e l e c t r o d e  is i nd ica t ed  by c l o s e d  c i rc les ,  and t h e  c e n t e r  l i n e  

of t h e  s i las t ic  carrier is shown by t h e  s p i r a l  curve.  Perpendicular  t o  t h e  

s p i r a l  a re  s h o r t  l i n e s  i n d i c a t i n g  t h e  p o s i t i o n s  of  r a d i a l l y - d i r e c t e d  

dendr i t e s ,  spaced a t  one millimeter i n t e r v a l s  a l o n g  t h e  s p i r a l .  

Figure 4 i n d i c a t e s  how p o t e n t i a l  f i e l d  p a t t e r n s  are c a l c u l a t e d  using 

t h e  f i n i t e - d i f f e r e n c e  method f o r  s t i m u l a t i o n  of  t h e  two most a p i c a l  

e l e c t r o d e s  i n  a b i p o l a r  manner. E lec t rode  (11 is po la r i zed  with a p o s i t i v e  

voltage and e l e c t r o d e  [2] is  po la r i zed  with an equa l ,  bu t  nega t ive ,  vo l t age .  

The t i s s u e  medium f o r  c a l c u l a t i o n s  i n  t h e  p l ane  of the  s p i r a l  is assumed t o  

be homogeneous and t h e r e f o r e  t h e  r e s u l t s  do not  ref lect  p o s s i b l e  effects of 

impedance d i f f e r e n c e s  a t  tissue boundaries. Computations are conducted with 

t h e  o u t e r  boundary of t h e  s p i r a l  p l a n e  h e l d  t o  zero. The r i g h t  panel  shows 

i s o p o t e n t i a f  c o n t o u r s  i n  t h e  s u b s e c t i o n  of  t h e  p l a n e .  A l s o  shown a re  t h e  

e l e c t r o d e  l o c a t i o n s  and  t h e  s p i r a l  p a t h  of t h e  e l e c t r o d e  a r r a y .  The 

l o c a t i o n s  of r a d i a l  dendr i t e s  are l a b e l e d  A-T, wi th  an arrowhead po in t ing  t o  

t h e  m o d i o l a r  end  of  e a c h  d e n d r i t e .  The l e f t  s i d e  of t h e  f i g u r e  i n d i c a t e s  

t h e  p o t e n t i a l  l e v e l s  a l o n g  t h e  locus  of each dendr i t e ,  A-T. The o r d i n a t e  of 
each small panel  i s  v o l t a g e ,  ranging between t h e  peak v o l t a g e s  a p p l i e d  t o  

e l e c t r o d e s  [ l ]  and  [ 2 ] .  The a b c i s s a e  i n d i c a t e  p o s i t i o n s  a l o n g  t h e  

d e n d r i t e s .  

F igure  5 provides  a high r e s o l u t i o n  p i c t u r e  of v o l t a g e  p r o f i l e s  produed 

a l o n g  t h e  d e n d r i t e s .  I n  F i g u r e  5 a cont inuum of d e n d r i t e  p o s i t i o n s  is 

presented from t h e  most-basal t o  t h e  most-apical p o s i t i o n s  of t h e  e l e c t r o d e  

a r r a y .  f h e  t h r e e  p a n e l s  show t h e  e x t r a c e l l u l a r  s t i m u l u s  v o l t a g e  a t  t h e  

most-medial, t h e  mid, and t h e  mos t - l a t e ra l  p o s i t i o n s  of t h e  dendr i tes .  The 

most-medial and t h e  mos t - l a t e ra l  pos i tbns  a l s o  correspond t o  t h e  r e l a t i v e  

p o s i t i o n s  of t h e  m e d i a l  and  l a t e r a l  e l e c t r o d e s  i n  t h e  s p i r a l  a r r a y .  The 

abc i s sae  i n d i c a t e  p o s i t i o n s  a l o n g  t h e  b a s i l a r  membrane from b a s a l  t o  ap ica l .  

The midpoint p o s i t i o n s  of each of t h e  b i p o l a r  e l e c t r o d e  p a i r s  are indica ted  

by  t h e  v e r t i c a l  l i n e s ,  w i t h  t h e  r e l a t i v e  p o s i t i o n  of each  e l e c t r o d e  
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ind ica ted  by its number. The f i l l e d  circles on t h e  v o l t a g e  p r o f i l e  curves  

i n d i c a t e  t h e  approx ima te  v o l t a g e s  t h a t  w o u l d  appear a t  each  of t h e  

u n s t i n u l a t e d  e l e c t r o d e s  i n  t h e  array. 

F i g u r e  6 is  a h i s t o g r a m  p l o t  of t h e  c a l c u l a t e d  v o l t a g e s  t h a t  would 

a p p e a r  a t  e a c h  u n s t i r u l a t e d  e l e c t r o d e ,  r e f e r e n c e d  t o  a remote ground 

e l ec t rode .  This  p l o t  is e s s e n t i a l l y  a r ep resen ta t ion  of t h e  same e l e c t r o d e  

p o t e n t i a l  data  from F i g u r e  5.  Note t h a t  t h e  e l e c t r o d e  order  a l o n g  t h e .  

abc i s sae  i n  Figure 6 has been reversed  from t h e  order  i n  Figure 5. Observe 

t h e  skewed d i s t r i b u t i o n  of v o l t a g e s  around the  stimulated p a i r  (electrodes 

[3] and [4] ) .  E l e c t r o d e s  [l] and [ 2 ]  show a r e l a t i v e l y  r a p i d  ra te  of 
v o l t a g e  f a l l - o f f  as compared t o  t h e  more g r a d u a l  v o l t a g e  d e c l i n e  from 
e l e c t r o d e  [ 5 ]  t o  h i g h e r  number (more b a s a l )  e l e c t r o d e s .  As would be 

expected, t h e  g rad ien t  is directed away from t h e  s t imu la t ed  e l e c t r o d e  pair. 

In  add i t ion ,  t h e  more-basal e l e c t r o d e  v o l t a g e s  appear t o  climb s l i g h t l y  a t  

t h e  mos t -basa l  p o s i t i o n s .  I t  i s  of i n t e r e s t  t o  compare t h e s e  model 

p red ic t ions  with t h e  measured v o l t a g e s  descr ibed below. 

Percutaneous Cable Measurements 

/ 

F i g u r e  7 i s  a p l o t  of i n t r a c o c h l e a r  p o t e n t i a l s  measured v ia  a 

p e r c u t a n e o u s  cab le  i n  p a t i e n t  SG. B i p o l a r  e l e c t r o d e  pa i r  [ 3 , 4 ]  was 

s t imu la t ed  with a subthreshold  26 uA. peak s inuso ida l  c u r r e n t  continuously.  

Curve STIMULUS is t h e  consequent e l e c t r o d e  v o l t a g e  measured on e l e c t r o d e  

p a i r  [3,4]. Curve  ARTIFACT i s  t h e  r e s u l t a n t  a r t i f a c t  p o t e n t i a l  measured 

from e l e c t r o d e  [I] with re ference  t o  a d i s t a n t  b a l l  e l e c t r o d e  placed on t h e  

round window. O r d i n a t e  s c a l e s  f o r  each  c u r v e  are a r b i t r a r y .  Root-mean- 

square (RMS) v a l u e s  are c a l c u l a t e d  f o r  each s i g n a l  and a f i n a l  normalized 

RMS r a t i o  of measured a r t i f a c t  v o l t a g e  / measured s t i m u l u s  v o l t a g e  is 

obtained. T h i s  r a t i o  is referred t o  as t h e  R e l a t i v e  Transfer  Ratio. T h i s  

measure was repeated f o r  a1 1 combina t ions  of b i p o l a r  and monopolar 

e l e c t r o d e s ,  i nc lud ing  both s t imu lus  and a r t i f a c t  measurement configurat ions.  

Data were c o l l e c t e d  a t  100, 400, 1000, 4000 and 10000 Hz. 
Figure 8 shows t h e  R e l a t i v e  Transfer  Rat ios  measured a t  e l e c t r o d e s  [ I ]  

t h r o u g h  [16] r e f e r e n c e d  t o  t h e  round window f o r  b i p o l a r  s t i m u l a t i o n  of 

e l e c t r o d e  p a i r  13.41 a t  100 Hz. 

similar t o  t h a t  predicted by t h e  mathematical model above (see F igure  6 ) .  

T h e  r e s u l t s  show a r a t i o  p a t t e r n  v e r y ’  
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Figure  9 shows t h e  R e l a t i v e  Transfer  Rat ios  measured a t  e l e c t r o d e s  113 
t h r o u g h  [16 ]  r e f e r e n c e d  t o  t h e  round window f o r  monopolar  s t i m u l a t i o n  of 

e l e c t r o d e  [5] r e f e r e n c e d  t o  a remote b a l l  e l e c t r o d e  i n  t h e  e x t e r n a l  ear 
canal .  Note t h a t  a t  t h e  n o n - s t i m u l a t e d  e l e c t r o d e s  t h a t  t h e  R e l a t i v e  

Transfer  Rat io  is e s s e n t i a l l y  t h e  same f o r  each e lec t rode .  Exceptions do 

e x i s t  (i.e. e l e c t r o d e s  [l], [ll], and [12]). This r e su l t  is c o n s i s t e n t  with 

t h e  gene ra l  no t ion  t h a t  t h e  f i e l d  g rad ien t s  f o r  monopolar s t i m u l a t i o n  are 

small compared t o  t h e  g r a d i e n t s  f o r  b i p o l a r  s t imula t ion .  

F i g u r e s  10 and 11 show t h e  R e l a t i v e  T r a n s f e r  R a t i o s  measured f o r  

a r t i f a c t s  a t  b i p o l a r  p a i r s  w i t h  b i p o l a r  and monopolar  s t i m u l a t i o n ,  

r e s p e c t i v e l y .  The i n t e r p r e t a t i o n  of  t h e s e  r e s u l t s  i s  c o m p l i c a t e d  by t h e  

f a c t  t h a t  t h e s e  measures  r e f l e c t  t h e  f i n e  s t r u c t u r e  o f  t h e  o v e r a l l  f i e l d  

pa t t e rn .  Fur ther  a n a l y s i s  i s  i n  progress.  These r e s u l t s  are inc luded  here  

f o r  purposes of i l l u s t r a t i o n .  

A 1  though t h e  r e s u l t s  presented here  are prel iminary,  s e v e r a l  p o i n t s  are 

worth consider ing:  

(1) Percutaneous c a b l e  measurements of i n t r acoch lea r  f i e l d s  appear t o  

be  p o s s i b l e .  Improvements  i n  d a t a  q u a l i t y  can  be e x p e c t e d  w i t h  f u r t h e r  

f i 1 t e r i n g  and cyc  l e - t o - c y c  1 e a v e r a g i n g  of t h e  a r t i f a c t  s i g n a l s .  Further  

c o n s i d e r a t i o n  of c r o s s t a l k - p r o d u c i n g ,  i n t e r l e a d  c a p a c i t a n c e  w i t h i n  t h e  

percutaneous c a b l e  is requi red  before  a n a l y s i s  and i n t e r p r e t a t i o n  of higher  

frequency d a t a  can be completed. 

(2) Considered a lone ,  t h e  monopolar a r t i f a c t  measurement - -  - r e s u l t s  fo r  

M p g i g r  s t i m u l a t i o q  w i t h  e l e c t r o d e  p a i r  [ 3 , 4 ]  ( F i g u r e  8) a p p e a r  

q u e s t i o n a b l e .  However, when compared w i t h  t h e  f i n i t e - d i f f e r e n c e  model 

p r e d i c t i o n  f o r  t h e  same c o n d i t i o n  ( F i g u r e  6 )  a n  o r d e r e d  p a t t e r n  emerges. 

This p a t t e r n  inc ludes  a f a s t e r  a r t i f a c t  p o t e n t i a l  r o l l - o f f  ac ross -e l ez t rodes  

[ l ]  and [2] as compared to  a more gradual  a r t i f a c t  d e c l i n e  across e l e c t r o d e s  

[5] t h r o u g h  [ll]. T h i s  d i f f e r e n t i a l  i n  g r a d i e n t s  is p r e d i c t e d  by t h e  

f i n i t e - d i f f e r e n c e  model and ar ises  p r i m a r i l y  du_e t o  -the_ t i g h t ,  I c u r l i n g  

geometry of t h e  a p i c a l  end of t h e  e l e c t r o d e  a r ray .  The model a l s o  p r e d i c t s  

a s l i g h t  i n c r e a s e  of a r t i f a c t  p o t e n t i a l s  a c r o s s  e l e c t r o d e s  1121 through 

[lS], due  t o  t h e  b a s a l  end of t h e  e l e c t r o d e  a r r a y  c u r l i n g  i n t o  t h e  major 

d i p o l e  a x i s  of s t imu la t ed  b i p o l a r  e l e c t r o d e  p a i r  C3.41. Such an. increase  is 

-- - 
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not  s t r o n g l y  represented i n  t h e  a r t i f a c t  da t a  but  is suggested. 
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(3) The monopolar a r t i f a c t  measurement r e s u l t s  f o r  monopolar e l e c t r o d e  

LSl s t i m u l a t i o n  ( F i g u r e  9) i n d l c a t e  an e v e n  d i s t r i b u t i o n  of a r t i f a c t  

components  a c r o s s  t h e  a r r a y .  E x c e p t i o n s  do  e x i s t  a t  d i s c r e t e  e l e c t r o d e  

s i t e s  ( e l e c t r o d e s  [I], [ll], 1121). A t  p r e s e n t  t h e  r e a s o n  f o r  t h e s e  

d e v i a t i o n s  is n o t  known. P o s s i b l y  they  are due t o  e r r o r s  i n  t h e  recording 

pro tocol  bu t  may a l s o  be due t o  small l o c a l  d e v i a t i o n s  i n  t h e  f i e l d  due t o  

p a t c h y  s u r v i v a l  o f  d e n d r i t e s  i n  t h e  l o c a l  r e g i o n  p r o v i d i n g  a p a t h  f o r  

c u r r e n t  shunt ing  i n t o  t h e  inodiolar space. O v e r a l l  t h e  impression is t h a t  

monopolar f i e l d s  are broadly  d i s t r i b u t e d  ac ross  t h e  cochlea  with o n l y  small 
dec 1 i n i n g  gradien ts .  

(4) I n t e r p r e t a t i o n  of a r t i f a c t  d a t a  recorded from b i p o l a r  e l e c t r o d e s  

( F i g u r e s  10 81 11) is  c l e a r l y  more d i f f i c u l t .  These  d a t a  a d d r e s s  t h e  f i n e  

s t r u c t u r e  of t h e  s t imu lus  f i e l d  and w i l l  consequent ly  be more s e n s i t i v e  t o  

t h e  d i s t o r t i n g  e f f e c t s  of l o c a l  impedance changes wi th in  t h e  cochlea  ( e i t h e r  

of t i s s u e  b o u n d a r i e s  or e l e c t r o d e  car r ie r  boundaries). Also ,  s i n c e  these  

b i p o l a r  e l e c t r o d e s  sample two c l o s e l y  spaced po in t s ,  t h e  r e s u l t a n t  a r t i fac t  
s i g n a l s  are smaller and are t h e r e f o r e  more s e n s i t i v e  t o  contaminating noise  

and/or percutaneous c a b l e  c r o s s t a l k .  Carefu l  a n a l y s i s  of t hese  p a r t i c u l a r  

d a t a  i s  requi red  i n  conjunct ion with more h i g h l y  r e f ined  mathematical models 

of t h e  e lec t r ica l  f i e l d s .  

( 5 )  Present  d a t a  i n d i c a t e  t h a t  i n t e r p r e t a t i o n  of s p a t i a l l y  d i s t r i b u t e d  

samples of f i e l d  a r t i f a c t s  is g r e a t l y  enhanced by t h e  a v a i l a b i l i t y  of model 

p r e d i c t i o n s .  The f a c t s  t h a t  t h e  modeled and  measured r e s u l t s  compare so 

f a v o r a b l y  and  t h a t  t h e  f i n i t e - d i f f e r e n c e  model o n l y  r e a l l y  r e p r e s e n t s  

e l e c t r o d e  geometry (as opposed t o  t h e  heterogeneous impedance s t r u c t u r e  of 

t h e  cochlea)  suggest  t h a t  f i e l d  p a t t e r n s  wi th in  scala tympani cochlea are: 

( a )  p r imar i ly  determined by t h e  s t imu la t ion  e l ec t rodes  geometry; and 

dt+*rm.,nc b 
( b )  secondari ly ,Aby t h e  d i f f e r e n t  impedance boundaries and regions of 

t h e  cochlea.  

This  obse rva t ion  is no t  s u r p r i s i n g  and h a s  been supported by many s tud ie s .  

In  more r ecen t  years  debate  seems t o  have focused upon t h e  r e l a t i v e  degree 

of c o n t r i b u t i o n  t h a t  t h e  t i s s u e  impedance p a t t e r n  p r o v i d e s .  The p r e s e n t  

I '  
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data  do  n o t  answer t h i s  q u e s t i o n ,  b u t  t h e y  do  sugges t  t h a t  g l o b a l  f i e l d  

p a t t e r n s  i n  s c a l a  tympani a r e  p r e d o m i n a t e l y  d e t e r m i n e d  by e l e c t r o d e  

p l a c e m e n t  and o n l y  s l i g h t l y  by t i s s u e  impedances,  a t  l e a s t  i n  t h e  100 Hz 

f r e q u e n c y  r ange .  The combined t e c h n i q u e s  h o l d  promise  f o r  e x p l o r i n g  t h e  

s t r u c t u r e  of f i e l d  p a t t e r n s  wi th in  t h e  implanted human cochlea.  

I t  is  i m p o r t a n t  h e r e  t o  d i s t i n g u i s h  between f i e l d  p a t t e r n s  i n  

I t  is e n t i r e l y  scala tympani and f i e l d  p a t t e r n s  a long  t h e  neu ra l  elements. 

p o s s i b l e  t h a t  t i s s u e  impedance p l a y s  a c o n s i d e r a b l e  r o l e  i n  s h a p i n g  t h e  

p o t e n t i a l  p r o f i l e s  t h a t  e x i s t  ou t s ide  of t h e  neu ra l  elements.  Good models 

do  n o t  e x i s t  p r e s e n t l y  t o  d e s c r i b e  t h e s e  mechanisms n o r  do  d i rec t  

experimental  r e s u l t s  e x i s t .  A t  t h i s  g n t  it is probably safe t o  specu la t e  
\ ’ 4 ”  

t h a t  t h e  ensemble  p a t t e r n  of  m u l t i p l e  neu rons  is gove rned  p r i m a r i l y  by 

e l e c t r o d e  placement ( b i p o l a r  vs monopolar) and t h a t  t h e  l o c a l  f i e l d  outs ide  , r  5 ’  ’ 

‘ i >, 

a s i n g l e  n e u r a l  element or  within a small region is governed pr imari ly  by 

l o c a l  t i s s u e  impedances. 

A n a l y s i s  of t h e s e  a r t i f a c t  f i e l d  data from p a t i e n t  SG is proceed ing .  

Once a good f e e l  f o r  these, ,has  been o b t a i n e d  and t h e  method has been 

r e f ined ,  t h e  same measures w i l l  be obtained from p a t i e n t  MH. I n t e r p r e t a t i o n  

of data from p a t i e n t  PIH w i l l  be augmented greatly by t h e  a v a i l a b i l i t y  of 

hk 

x-rays showing t h e  e l e c t r o d e  o r i e n t a t i o n  and spilcal shape i n  two views. (X- 

rays were t a k e n  as a d i a g n o s t i c  medical p r o c e d u r e  to manage a s i n u s  t f , -  

# 6  

i n f e c t i o n  which o c c u r r e d  d u r i n g  t h e  p e r c u t a n e o u s  cab le  t e s t i n g  period.) 

These  measurements  w i l l  a l s o  be ex tended  t o  i n c l u d e  measurement of 

e lec t r ica l ly-evoked  neura l  responses.  
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IV. Plans for the Next Quarter 

The major activity o f  the next quarter will be continued testing of  

patient MH. We plan to complete the studies of speech recognition outlined 
in the Introduction, and to evaluate selected processors with the tests of 
the Minimal Auditory Capabilities battery (the "MAC" test). In addition, we 
expect to continue our work on the development of  the portable processor 
described in section I 1  of this report. I f  all goes well with this last 
activity, we will also package this processor for at-home use by patient MH. 
Analysis o f  field pattern measurements in patient SG will continue in 
preparation for conducting the same experiment in our current patient MH. 
Finally, our plans include presentations of project results at the IUPS 
Satellite Symposium on "Advances in Auditory Neuroscience," to be held in 
San Francisco this July. 
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Appendix 1 

Summary of Reporting Activity for the Period of March 27 
through June 27, 1986, NIH Contract N01-NS-5-2396 
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The fo l lowing  major p re sen ta t ions  were made i n  t h e  present  r epor t ing  

per iod : 

Wilson, BS: Comparison of strategies f o r  coding speech with mu1 t ichannel  

a u d i t o r y  p r o s t h e s e s .  I n v i t e d  f a c u l t y  l e c t u r e  p r e s e n t e d  a t  the 
Confe rence  on Speech R e c o g n i t i o n  w i t h  C o c h l e a r  I m p l a n t s ,  N e w  York 
Univers i ty ,  Apri l  17-19, 1986. 

Wilson ,  BS: Coding s t ra teg ies  f o r  c o c h l e a r  i m p l a n t s .  I n v i t e d  s p e a k e r  

p re sen ta t ion  a t  the  Kresge Hearing Research  I n s t i t u t e ,  U n i v e r s i t y  of 

Michigan, May 22 ,  1986. 

An a b s t r a c t  f o r  t h e  f i r s t  p r e s e n t a t i o n  i s  shown on t h e  n e x t  page  o f  

t h i s  Appendix. 

R 
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Comparison o f  S t r a t e g i e s  f o r  Coding Speech w i t h  M u l t i c h a n n e l  A u d i t o r y  
P ros theses  

Blake S. Wilson and Charles  C. Fin ley  

Neuroscience Program Office 
Research Tr i ang le  I n s t i t u t e  
Research Tr i ang le  Park,  N.C. 27709 

I n  t h i s  p r e s e n t a t i o n  w e  w i l l  d e s c r i b e  tests w e  conduct with i n d i v i d u a l  
implant  p a t i e n t s  t o  e v a l u a t e  d i f f e r e n t  s t ra teg ies  for c o d i n g  speech  w i t h  
mul t ichannel  a u d i t o r y  pros theses .  R e s u l t s  from two p a t i e n t s  implanted w i t h  
t h e  UCSF/Storz e l e c t r o d e  a r r a y  w i l l  b e  p r e s e n t e d .  
p a t i e n t  are  c o m p l e t e d  and  tests w i t h  t h e  second p a t i e n t  a r e  i n  progress. 
The f i r s t  p a t i e n t  had ve ry  poor performance on psychophysical t es t s  and was 
presumed t o  have  an un favorab le  p a t t e r n  of ne rve  s u r v i v a l .  Moreover, o n l y  
o n e  o f  h i s  scores on s p e e c h  tes ts  ( v o i c e / u n v o i c e )  was a b o v e  chance  for a 
''compressed ana log  outputs"  s t r a t e g y  much l i k e  t h e  one used i n  t h e  p re sen t  
U C S F l S t o r z  s p e e c h  p r o c e s s o r  a n d  s imi l a r  t o  t h e  o n e  u s e d  in t h e  
Utah/MIT/Symbion device.  

With t h e s e  d iscouraging  r e s u l t s  i n  mind, we e v a l u a t e d  fou r  a l t e r n a t i v e  
p rocess ing  strategies i n  an a t tempt  t o  improve t h i s  p a t i e n t ' s  understanding 
of speech. The b a s i c  p l a n  of t h e s e  o t h e r  processors  w a s  t o  reduce in steps 
t h e  temporal and s p a t i a l  o v e r l a p  between channels  and in t roduce  ( i n  the l a s t  
two processors )  a r e p r e s e n t a t i o n  of t h e  l i n e a r - p r e d i c t i o n  r e s i d u a l  signal. 
As w e  w i l l  d e s c r i b e  i n  d e t a i l ,  t h r e e  of t h e s e  processors  produced percepts 
t h a t  were c l e a r l y  i n  t h e  "speech mode," t h a t  were spontaneous ly  recognized 
as t h e  s p e e c h  t o k e n s  d e l i v e r e d  t o  t h e  p r o c e s s o r ,  and  that produced t e s t  
scores w e l l  a b o v e  chance  on c o n f u s i o n - m a t r i x  material .  For t h i s  p a t i e n t  
c h a n g e s  i n  t h e  p r o c e s s i n g  s t r a t e g y  produced  immedia te  and  c o m p e l l i n g  
d i f f e r e n c e s  i n  r ecogn i t ion  performance. 

P r e l i m i n a r y  r e s u l t s  w i t h  t h e  s e c o n d  p a t i e n t  i n d i c a t e  t h a t  she has a 
much more f a v o r a b l e  p a t t e r n  o f  n e r v e  s u r v i v a l  t h a n  t h e  f i r s t  p a t i e n t .  
T h e r e f o r e ,  it w i l l  be i n t e r e s t i n g  t o  see i f  c h a n g e s  i n  t h e  Processing 
s t r a t e g y  also have large effects with t h e  second p a t i e n t  and, i f  so, Whether 
t h e  same strategy or strategies emerge as s u p e r i o r  for b o t h  pa t ien ts .  Data 
from t h e  second p a t i e n t  w i l X  be  a v a i l a b l e  a t  t h e  time of t h e  conference. 

T e s t s  w i t h  t h e  f i r s t .  

Y 

, 
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